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This investigation aims to evaluate the effects of g-irradiation on anti-nutritional factors,
in-vitro protein digestibility and functional properties of canola meal protein, physico-
chemical properties and fatty acid composition of canola seed oil. Irradiation at doses 10,
20, 30 KGy had no effects on the chemical composition of canola seed, while decreased the
total glucosinolate content by 15.6, 30.4 and 49.4%; and phytic acid by 29, 55 and 100%,
respectively. On contrary, in-vitro protein digestibility increased to 59.1, 61.4 and 71.8% by
the same doses, respectively. Water absorption and fat absorption increased by increasing
irradiation doses, whilst decreased foaming capacity. Refractive index was between 1.4636
and 1.4687, acid value between 0.72 and 1.10%, peroxide value between 3.40 and 7.36 meq/
kg oil. Iodine number and saponification value were 122 and 175 at dose 30 KGy, respec-
tively. Oxidative stability decreased to 17.8, 16.4 and 14.9 h by doses 10, 20 and 30 KGy,
respectively, compared to control (18.9 h). The contents of oleic and linoleinic acid were
ranged between 60.44e61.69% and 21.72e22.09% respectively. So, g-irradiation considered
a safe method which reduced the anti-nutritional factors and improve both nutritional
value and functional properties of canola seed.
Copyright © 2015, The Egyptian Society of Radiation Sciences and Applications. Production
and hosting by Elsevier B.V. This is an open access article under the CC BY-NC-ND license
(http://creativecommons.org/licenses/by-nc-nd/4.0/).1. Introduction
Canola/Rapeseed is an important oilseed crop in many coun-
tries and is considered to be the secondmost abundant source
of edible oil in the world. Canola is the rapeseed variety which
was developed in Canada. According to the United States
Department of Agriculture, canola production exceeds 40
million metric tons per year (USDA, 2004). Canola seeds
contain approximately 40% oil and 17e26% protein
(Uppstrom, 1995) and has an amino acid composition well3.
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which is a by-product of canola oil extraction, is a highly rich
raw material containing up to 50% protein on a dry basis. The
major protein constituents of canola meal are napin and
cruciferin, which are storage proteins, and oleosin, which is a
structural protein associated with the oil fraction (Uppstrom,
1995). This particularity makes canola protein a potential
ingredient for use in the food industry. Many characteristics of
canola protein are favorable for human nutrition. The amino
acid composition of canola meal is well balanced and can be
used for human nutrition (Mariscal-Landin, Reis de Souza,r).
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tion, the protein efficiency ratio of canola meal is 2.64, which
is higher than that of soybean (Delisle et al., 1984). Canola
proteins have shown interesting and promising functional
properties and could be potentially used in various food
matrices (Khattab & Antfield, 2009; Xu & Diosady, 1994a,
1994b). Some properties of canola proteins were comparable
to those of casein and better than those of other plant pro-
teins, such as soybean, pea, and wheat (Ghodsvali,
Khodaparast, Vosoughi, & Diosady, 2005).
Furthermore, canola meal is a relatively good source of
essential minerals especially potassium, sulfur, calcium and
iron and an especially good source of selenium and phos-
phorus (Bell, Rakow, & Downey, 1999). Moreover, it is rich in
choline, biotin, folic acid, niacin, riboflavin and thiamin
(Khattab & Antfield, 2009; NRC, 1998).
However, the usefulness of canola protein extracts is
limited by the presence of some undesirable compounds, such
as glucosinolates, phytates, and phenols, which are respon-
sible for the toxic, antinutritional and undesirable coloration
capacity of canola proteins also, canola meal contains
approximately 20% (w/w) carbohydrates, including soluble
sugars (Lacki & Duvnjak, 1998). Phytic acid, the hex-
aphosphate of myoinositol, chelates minerals and amino
acids, forming insoluble precipitates, which leads to reduced
bioavailability of trace minerals and reduced digestibility of
proteins in the small intestine (Al-Kaiesy, Abdul-Kader,
Mohammad, & Saeed, 2003). Glucosinolates are a large group
of sulfur-containing secondary plant metabolites. Major glu-
cosinolates in brassica are progoitrin, gluconapin and gluco-
brassicanapin (Tripathi & Mishra, 2007) and all are known to
reduce feed intake, induce iodine deficiency and depress
fertility (Ahlin, Emmanuelson, & Wiktorsson, 1994). Gamma-
irradiation has been recognized as a reliable and safe
method to improve nutritive value of foods (Diehl, 2002;
Ebrahimi, Nikkhah, & Raisali, 2009; Siddhuraju, Makkar, &
Becker, 2002). Recently, treatment of soybean meal and
canola meal with g-irradiation was successful in reducing
degradation of crude protein by rumen microorganisms and
increasing intestinal crude protein digestibility (Ebrahimi
et al., 2009; Shawrang et al., 2008 ). Moreover, g-irradiation
was effective in reducing phytic acid in broad bean and velvet
seed (Al-Kaiesy et al., 2003; Bhat, Sridhar, & Yokotani, 2007).
Advantages of irradiation compared to the other above
mentioned methods are less damage to nutrients especially
proteins, nonformation of indigestible products, elimination
of microbial and fungal contaminations from feed and not
having residual effects after irradiation (Shawrang, 2006).2. Materials and methods
2.1. Materials
2.1.1. Source of seed
The variety of canola seed (Brassica napus L.) Pactol was ob-
tained from Agriculture Research Center, Oils Crops Depart-
ment, Giza, Egypt. Canola seedwas undertaken were carefully
cleaned and tightly packed in polyethylene bags and divided
into three packages. The samples were irradiated at 10, 20 and30 kGy doses using 60Co Russian gamma chambers, Nuclear
Research Center, Atomic Energy Authority, Inshas, Cairo,
Egypt.
2.2. Methods
2.2.1. Chemical analysis of seed
Determination of proximate analysis (moisture content, pro-
tein, fat, crude fiber and ash content) were determined ac-
cording to A.O.A.C (2010). Total carbohydrates were calculated
by difference according to the Egan, Kirk, and Sawyer (1981).
2.2.2. Preparation of samples
The seedwere grounded and soaked in pure n-hexane for 24 h.
The micelles were collected and the oil was dried over anhy-
drous sodium sulfate, filtered, stored in dark brown bottles
without any further purification and then kept at 5 C until
analysis.
2.2.3. Determination of phytic acid
Phytic acid content was determined using chromogenic re-
agent according to the method described by (Mohamed,
Ponnamperma, Pere, & Hafez, 1986) as follows:
2.2.3.1. Preparation of reagents
Solution A: Sixteen grams of ammonium molybdate were
dissolved in 120 ml of distilled water.
Solution B: Forty milliliters of concentrated HCl and 10 ml
of elemental mercury were carefully added to 80 ml of
solution A and shaked for 30 min, filter (Wahtman No. 1)
and the filtrate was used in solution (C) preparation.
Solution C: Two hundred milliliters of concentrated H2SO4
were carefully added to the remainder of solution A (40 ml)
and mixed with filtrate of solution B.
Chromogenic solution: Forty-five milliliters of methanol
were mixed with 25 ml of distilled water and 25 ml of so-
lution C. this solution is stable for at least three months
when stored at 5 C.
2.2.3.2. The extraction and separation of phytic acid. One gram
of defatted sample was added to 25 ml of 3% trichloroacetic
acid (T.C.A) and shaked for 45 min, using shaker of moderate
speed at room temperature 25 C. Eight milliliter of slurry was
centrifuged at 20,000  G for min. at 23 C. The obtained su-
pernatant (crude extract) included the organic and inorganic
phosphorus compounds. The phytic acid was separated from
the crude extract by anion exchange chromatography (col-
umn was fitted with glass wool, packed with anion exchange
resin Dewex 1 and covered with glass wool). The column was
washed with distilled water, followed by 6 ml of NaCl solution
(0.2 N), then 1ml from the crude extract put in the column and
eluted with 6 ml of NaCl (1.0 N) for obtained phytate extract.
2.2.3.3. Determination of extracted phytate. From the extrac-
ted phytate, 0.2 ml was mixed with 4.6 ml of distilled water
and 0.2ml of chromogenic solution and heated in awater bath
at 95 C for 30 min, then allowed to cool down to room tem-
perature, and the developed color was spectrophotometrically
measured at 830 nm against blank sample, using (Perkin-
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the concentration of phytic acid was obtained from the stan-
dard curve whichwas prepared using known concentration of
sodium phytate solutions and developed in the same manner
as the unknown.
2.2.4. In-vitro protein digestibility of canola meal
The pepsin followed by pancreatin digestswas prepared to the
method of (Akeson & Stahman 1984) using casein as refer-
ence. A sample of 100 mg of dry powder was incubated with
1.5mg pepsin in 15ml 0.1 NHCl at 37 C for 3 hwith occasional
shaking. This was followed by neutralization with 7.5 ml of
0.2 N NaOH and addition of 4 mg pancreatin in 7.5 ml phos-
phate buffer of pH 8. The digestion mixture was incubated for
another 24 h 37 C. The blank (Caseinþ enzyme) was prepared
as described before. In all digests 2 ml toluene were added to
prevent microbial growth. At the end of each digestion, tri-
chloroacetic acid (TCA; 1.6 M) was added to the digest and the
mixture was left for 2 h, then centrifuged at 3500 rpm for
15 min and the supernatant was analyzed for TCA soluble
nitrogen using the microkijeldahl method and calculation of
results by using the equation:
IVPD ¼ Nitrogen in supernatant
Total nitrogen in the samples
 100
2.2.5. Determination of glucosinolate
Glucosinolate content of the samples was determined at
340 nm with spectrophotometer according to (Gardrat &
Prevot, 1987).
2.2.6. Functional properties of canola meals
2.2.6.1. Water and fat absorption. For water and fat absorp-
tion determination, the method of Beuchat (1977) was used as
follows:
One gram of each sample was mixed with 10 ml distilled
water (water absorption) or 10 ml oil (oil absorption) for
30 min at room temperature, then centrifuged at 1500 rpm for
30 min, and the volume of the supernatant measured in a
10ml graduated cylinder. Density of water was assumed to be
1 g/ml and that of oil was determined to be 0.92 g/ml.
Results were calculated as gram oil or water absorbed by
100 g sample.
2.2.6.2. Foaming properties of canola meals. The method of
Lin, Humbert, and Sosulsk (1974) was used to determine the
foaming properties of canola meals as follow:
Half gram of flour sample was mixed with 100 ml distilled
water in a blender at 25 C and stirred for 5 min. The contents
along with the foam, were poured into a 250 ml graduated
measuring cylinder. The percentage increase in volume after
30 s was recorded as a foam capacity (F.C.) according to the
following formula:Foam Capacity ðF:CÞ ¼ Vol: after whipping  Vol: before whipping
Vol: before whipping2.2.7. Physicochemical characteristics of canola seed oil
Refractive index at 20 C, free fatty acids peroxide values
Iodine number and saponification value were determined
using the official method of A.O.A.C (2010).
Oxidative stability of oil was measured at 100 C by the
Rancimat method using a 679 Rancimat (Metrohm, Herisav,
Switzerland) with air flow rate at 20 L/hr following themethod
described by (Cossignani, Simonetti, & Damiani, 2005).
2.2.7.1. Gas liquid chromatography (GLC) analysis for fatty
acids
2.2.7.1.1. Methylation of fatty acids. An aliquot of oils,
about 10mg, was dissolved in 2ml hexane and then 0.4ml 2 N
KOH in anhydrous methanol was added (Cossignani et al.,
2005), after 3 min, 3 ml water was added. The organic layer
was separated, dried over anhydrous sodium sulfate, and then
concentrated with a N2 stream to around 0.5 ml for GC
analysis.
2.2.7.1.2. Identification of fatty acids methyl esters by GLC.
Agilent 6890 series GC apparatus provided with a DB-23
column (60 m  0.32 mm  0.25 mm). Fatty acids methyl
esters directly injected into the GC. Carrier gas was N2 with
a flow rate of 2 ml/min, splitting ratio of 1:100. The injector
temperature was 250 C and that of FID detector was 270 C.
The temperature settings were as follows: 150 Ce22 C at
5 C/min, and then held at 225 C for 20 min. Peak identi-
fication was performed by comparison of the retention time
(RT) for each peak with those of standard fatty acids. The
peaks areas were measured using Chemstation Program
and relative areas of the identified fatty acids were
recorded.3. Results and discussion
3.1. Effect of g-irradiation on the chemical composition
of canola seeds
Irradiated and non-irradiated Canola seed samples were
analyzed for moisture, protein, oil, crude fiber, ash and total
carbohydrates. The obtained data were given in Table 1. It
could be noticed that whole canola seeds contained 6.0%
moisture, 22.0% protein, 49.0% oil, 10.0% crude fiber, 2.8% ash
and 10.20% carbohydrate, which are in agreement with those
obtained previously (Anhar, EL-Sayed, Attaia, & Fadia, 2006;
Ebrahimi et al., 2009; Roudbaneh, Ebrahimi, & Shawrang,
2010). From the same table it could be observed that irradia-
tion doses (10, 20, 30 kGy) had no effects on the chemical
composition of canola seeds as previously stated (Ebrahimi
et al., 2009; Roudbaneh et al., 2010; Shawrang, Sadeghi,
Behgar, Zareshahi, & Shahhoseini, 2011). 100
Table 1 e Effect of g-irradiation on the chemical
composition ot canola seed.
Percentage Control Irradiation dose (kGy)
10 20 30
Moisture 6.0 5.95 5.92 5.90
Crude proteina 22.0 21.9 21.7 21.6
Crude oila 49.0 49.0 49.2 49.0
Crude fibera 10.0 10.0 10.1 10.2
Asha 2.80 2.84 2.86 2.90
Total carbohydratesa 10.20 10.31 10.22 10.38
a On dry weight basis.
J o u rn a l o f R a d i a t i o n R e s e a r c h and A p p l i e d S c i e n c e s 8 ( 2 0 1 5 ) 3 2 8e3 3 3 3313.2. Effect of g-irradiation on antinutrational factors
and in-vitro protein digestibility of canola meals
Canola meal was contained 26.2 g/kg phytic acid which
was reduced by irradiation doses of 10 and 20 kGy to 18.5
and 11.8 g/kg (i.e. 29% and 55% reduction), whereas 30 kGy
dose completely eliminated phytic acid as shown in Fig. 1.
Moreover, total glycosinolate of canola meal (23.7 m mol/g)
decreased by 15.6%, 30.4% and 49.4% at irradiation doses of
10, 20 and 30 kGy, respectively. The obtained data agree
with Ebrahimi et al., (2009) and Roudbaneh et al., (2010).
On contrary, irradiation increased in-vitro protein di-
gestibility by increasing dose rate where it reached to 59.1,
61.4 and 71.8 g/100 g by 10, 20 and 30 kGy doses (i.e., 2%,
5.9% and 24%), respectively. Similar results were previ-
ously stated (Ebrahimi & Roudbaneh 2011; Ghanbari,
Ghoorchi, Shawrang, Mansouri, & Torbati-Nejad, 2012;
Shawrang et al., 2011). From the obtained data, it could be
notice that irradiation had significant effect on reduce of
anti-nutritional factors and increase in-vitro protein
digestibility.Fig. 1 e Effect of g-irradiation on antinutrational factor3.3. Effect of g-irradiation on water absorption, fat
absorption and foam capacity of canola meals
The values of water absorption (WA), fat absorption (FA) and
foaming capacity (FC) were 648 g H2O/100 g, 80 g/100 g and
56.5% for control sample. Irradiation at 10 and 20 kGy doses
increased WA and FA to 710 H2O/100 g and 90 oil/100 g; 655 g
H2O/100 g and 112 g oil/100 g, respectively, whilst dose of
30 kGy decreased the values of both WA and FA (Fig. 2). On
contrary, FC decreased to 52.3%, 44% and 30% by irradiation
doses of 10, 20 and 30 kGy, respectively. The obtained data
confirmed by the data previously stated (Aider & Barbana,
2011; Anwar, 2004).
3.4. Physicochemical characteristics of irradiated canola
seeds oil
Changes in physicochemical properties as affected by irradi-
ation were followed up and the obtained results are tabulated
in Table 2. The results showed slight increase in all parame-
ters since Refractive Index (RI) changed from 1.4636 to 1.4676,
Acid Value (AV) changed from 0.72 to 1.10, Iodine number (IN)
changed from 121.0 to 122.6 and saponification value changed
from 175.0 to 176.0 for control and irradiated at 30 kGy dose,
whereas peroxide value (PV) recorded the highest increase
changes being from 3.40 to 7.36 meq/kg. The obtained results
agree with those obtained by Anhar et al. (2006).
3.5. Oxidative stability of irradiated canola seed oil
Oxidative stability data in Table 3 shows that control sample
had the highest oxidative stability (18.9 h). Irradiation
decreased the stability and there was reverse correlation be-
tween stability and irradiation dose where the stability was
17.8 h, 16.4 and 14.9 h for samples treated with 10, 20 and
30 kGy, respectively. In this concern Anwar (1999) stated thats and in-vitro protein digestibility of canola meals.
Fig. 2 e Effect of g-irradiation on water absorption, fat absorption and foaming capacity of canola meals.
Table 2 e Physicochemical characteristics of irradiated
canola seed oil.
Parameters Control Irradiation dose (kGy)
10 20 30
Refractive index at 20 C 1.4636 1.4679 1.4687 1.4676
Acidity (as % oleic acid) 0.72 0.84 0.98 1.10
Peroxide value
(meq/kg oil)
3.40 3.80 5.01 7.36
Iodine number 121.0 122.0 122.6 122.0
Saponification value 176.0 175.0 175.0 175.0
Table 4 e Fatty acid profile of irradiated canola seeds oil.
Fatty acids Control Irradiation dose (kGy)
10 20 30
C16:0 3.77 3.90 3.81 3.95
C16:1 0.22 0.23 0.22 0.24
C17:0 0.04 0.04 0.04 0.05
C17:1 0.09 0.08 0.08 0.09
C18:0 1.65 1.67 1.64 1.66
C18:1 60.44 61.54 61.69 61.62
C18:2 21.72 21.97 22.12 22.09
C18:3 6.47 6.27 6.32 6.28
C20:0 1.00 0.67 0.67 0.73
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increasing irradiation dose.
3.6. Effect of g-irradiation on fatty acid profile of
irradiated canola seed oil
The relative percent of the identified fatty acids profile of
canola seeds oil was given in Table 4. Oleic acid was the pre-
dominant unsaturated fatty acid followed by linolenic acid.
Palmitic acid was the major saturated fatty acid followed by
stearic acid. Slight increase in oleic, linoleic and erucic acid
was observed, as well as, slight decrease in linolenic acid was
reported in irradiated samples. The obtained data are within
the range of rape seed oil (Codex Alimintarious, 2005).Table 3eOxidative stability of irradiated canola seeds oil.
Irradiation dose (kGy) aOxidative stability hours
0 18.9
10 17.8
20 16.4
30 14.9
a Rancimat Method at 100 C.4. Conclusion
Irradiation at doses 10, 20 and 30 kGy was effective in
decreased phytic acid and glucosinolate content of canola
seed. In contrary, irradiation increases in-vitro protein di-
gestibility and improve the functional properties of its protein.
Nevertheless, irradiation had no effects on the chemical
composition of canola seeds. Oxidative stability of irradiated
sample decrease as irradiation dose increased. This study
clearly demonstrated that g-irradiated is a safe and successful
method to improve the nutritional value of canola seeds and
improve the functional properties of its protein.C20:1 1.24 1.20 1.17 1.19
Unknown 0.48 0.33 0.30 0.36
C22:0 0.49 0.30 0.30 0.30
C22:1 0.67 1.27 1.17 0.89
C24:0 0.42 0.13 0.13 0.13
C24:1 1.71 0.72 0.67 0.81
TSFA 7.37 6.71 6.59 6.82
TUSFA 92.56 93.28 93.44 93.21
TUSFA/TSFA 12.56 13.90 14.17 13.66
TSFA: Total saturated fatty acid.
TUSFA: Total unsaturated fatty acid.
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